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DESCRIPTION 



IMMUNOPOTENTIATOR AND METHOD FOR ENHANCING 
5 IMMUNOACTIVITY USING THE SAME 

Technical Field 

10 The invention of this application, relates to an iramunopotentiator 

and a method for enhancing an imm-unoactivity using the same. More 
specifically, the invention of this application relates to an 
immunopotentiator using a nucleic acid containing a special nucleic acid 
base, a derivative thereof or a plasmid having the nucleic acid containing 

15 the special nucleic acid base, and a method for enhancing an 
immunoactivity using the same. 

Background Art 

20 

An immunoreaction in mammals such as mice, rats and rabbits is 
one of bioreactions important for preventing invasion of foreign matters, 
e.g,, microbes such as bacteria and viruses, pollens and chemicals into the 
hving body and infection thereof. In the immunoreaction, "adaptive 

25 immune" has an immunoreaction that mainly conducts an action of 
immune antibodies which are specifically bound to these foreign matters in 
a diversified manner to make them non-toxic. Further, in recent years, it 
has been reported that "natural immune" which is likewise one 
immunoreaction recognizes a difference between self-cells and foreign 

30 matters (for example, a constituent of bacteria) and an immunoreaction 

1 
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occurs on the basis of this difference (for example, Werling, D., and Jungi, 
W. T,, Vet. Immunol. Immunopathol. 91: 1-12, 2003 and Poltorak, A., et al.. 
Science, 282: 2085-2088, 1998). As one of such foreign matters, there is 
a CpG dinucleotide sequence (CpG sequence) contained in a bacterial DNA 
5 (for example, Hemmi, H., et al., Nature, 408: 740-745, 2000 and Kreig, A., 
et al., Nature, 374: 546-549, 1995). 

In a chromosomal DNA of mammals, this CpG sequence is 
contained only at such a quite low frequency that its ratio is from 

10 approximately 1/50 to 1/60 a statistically expectable value, and the 
5-position of most of cytosine bases of the CpG sequence is methylated 
with cytosine 5-mcthylase specific to the CpG sequence. Melanwhile, it 
has been reported that the ratio of the CpG sequence contained in a 
chromosomal DNA of bacteria (microbes) is approximately 1/16 which is 

15 almost equal to the statistically expectable value and it is a CpG sequence 
free from methylated cytosine like mammals (non-methylated CpG 
sequence) because there is no cytosine 5-methylase specific to CpG (for 
example. Bird, A. P., Trends Genet., 3:342-347, 1987). That is, the 
natural immune system of mammals is considered to be an 

20 immunore action that the system recognizes methylation or 
non-methylation of the CpG sequence to induce an inflammatory reaction 
(namely, enhancement of an immunoactivity) so as to be able to efficiently 
prevent the living body from invasion or infection of bacteria. 

25 A natural immune-stimulating composition (gazette of 

JP-T-2003-527352 (the term "JP-T" as used herein means a published 
Japanese translation of a PCT patent appUcation)), cancer immunotherapy 
(for example, Whitmore, M., Li, S., and Huang, L., Gene Ther., 
6:1867-1875, 1999) and efficient DNA vaccines against infectious diseases 

30 {for example, gazette of JP-T-2002-51 1841, Brunner, C, et al., J. Immunol. 
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165: 6278-6286, 2000 and Kojima, and Y., et al,, Vaccine, 20: 2857-2865, 
2002) using enhancement of the immunoactivity with such a 
non-methylated CpG sequence have been reported and proposed to confirm 
its usefulness. 

5 

The difference in DNA sequence between microbes including 
bacteria and mammals is found in substances other than the CpG 
sequence. For example, N^- methyladenine (m^A) is mentioned. For 
example, adenine (A) of a GATC sequence in E. coli DNA is methylated with 

10 a DNA adenitie methylase (Dam) which is an enzyme specifically acting on 
this adenine to give m^M. The inventors have considered that not only the 
non-methylated CpG sequence but also methylation of adenine in the 
GATC sequence (Gm^ATC sequence) functions as one mechanism of 
recognizing non-self foreign matters which mechanism has evolutionarily 

15 been stored by the natural immune. To study and elucidate what 
immunoactivity (biodefense reaction) is induced in the Uving body by this 
Gm^ATC sequence is considered to give quite an important knowledge in 
future when establishing gene therapy or the like using plasmids derived 
from bacteria such as E. coU. 

« 

20 

Studies or reports on induction, promotion and enhancement of the 
immunoactivity (biodefense reaction) with a sequence containing a specific 
nucleic acid base except the non-methylated CpG sequence have been little 
made at present. As far as the inventors know, regarding induction and 

25 enhancement of the immunoactivity using the DNA containing the Gm^ATC 
sequence, for example, it has been proposed that a vaccine-hke 
composition is formed with pathogenic bacteria such as salmonella 
attenuated by applying variation influencing DNA adenine methylase (Dam) 
and this is administered to the living body to increase an immunological 

30 effect and is used for prevention or therapy of infection of pathogenic 
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bacteria (refer to gazette of JP-T-2002-536339). 

However, since the vaccine-like composition described in gazette of 
JP-T-2002-536339 is made of pathogenic bacteria attenuated by applying 
5 variation of DNA adenine methylase, its effect is to increase the 
immunoactivily (biodefense reaction) against pathogenic bacteria as the 
origin of the vaccine-like composition. Accordingly, it is effective only 
agalQst specific infectious diseases, and cannot enhance the 
immunoactivity of the overall living body to bring forth effects against 
10 various infectious diseases. That is, it is still unknown that a nucleic acid 
containing a specific nucleic acid base including a microbial nucleic 
acid-specific modified base, a plasmid having the nucleic acid or the Hke is 
administered to induce and enhance the immunoactivily. 

15 Under these circumstances, the invention of this application has 

> 

been made, and it aims to provide, upon solving the problems associated 
with the ordinary art, an immunopotentiator of maxamals which comprises 
as an active ingredient a nucleic acid containing a special nucleic acid base 
J or a plasmid having such a base, which is administered to mammals to be 

20 able to enhance the immunoactivity of the overall living body of mammals 
and which can be applied to cancer immunotherapy, gene therapy, DNA 
vaccines effective against various infectious diseases and the like, and a 
method for enhancing an immunoactivity using the same. 

25 The invention of this application aims to provide ciiltured cells with 

an immunoactivity enhanced as model cells for studies on induction, 
enhancement or the like of an immunoactivity in vitro using the foregoing 
immunopotentiator. Further, it aims to provide non-human mammals 
with an immunoactivity enhanced as model animals for studies on an 

30 immunoactivity induced and enhanced in vivo using the 
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immunopotentiator. 

Disclosure of the Invention 

5 

The invention of tJiis application provides the following (1) to (19) as 
a means for solving the foregoing problems. 

(1) An immunopotentiator for mammals, which comprises as an active 
10 ingredient a nucleic acid containing a special nucleic acid base, a 

derivative thereof or a plasmid having the nucleic acid containing the 
special nucleic acid base. 

(2) The immunopotentiator of (1), wherein the special nucleic acid base 
15 is at least one selected from the group consisting of S-oxoguanine, 

8-oxoadenine, 2-oxoadenine, 5-hydroxyuracil, 5-formyluracil, 
5-formylcytosine, 8-nitroguanine, thymine glycol, cytosine glycol, 
hypoxanthine, oxanine, pyrimidine dimmer, O^-methylguanine and 
O'^-methylthymine - 

20 

(3) The immunopotentiator of (1), wherein the special nucleic acid base 
is a microbial nucleic acid-specific modified base. 

(4) The immunopotentiator of (3), wherein the microbial nucleic 
25 acid-specific modified base is at least one selected from the group 

consisting of N^-methyladenine, S-hydroscymethyluracil and 
S-hydroxymethylcj^osine. 

(5) The immunopotentiator of (3), wherein the nucleic acid containing 
30 the microbial nucleic acid-specific modified base is a nucleic acid having a 
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base sequence of SEQ ID NO: 4. 

(6) The immunopotentiator of any of (1) to (5), which further comprises 
as an active ingredient a nucleic acid containing a microbial nucleic 

5 acid-specific non-methylated CpG sequence or a plasmid having the 
nucleic acid containing the microbial nucleic acid-specific non-methylated 
CpG sequence. 

(7) The immunopotentiator of (6), wherein the nucleic acid containing 
10 the microbial nucleic acid-specific non-methylated CpG sequence is a 

nucleic acid having the base sequence of SEQ ID NO: 2. 

(8) The immunopotentiator of any of (3) to (7), wherein the microbe is a 
virus or a bacterium. 

15 

(9) The immunopotentiator of (8)> wherein the bacterium is Escherichia 
coli. 

(10) A process for producing an inflammatory cytokine, which comprises 
20 administering the immunopotentiator of any of (I) to (9) to cultured cells to 

enhance an immunoactivity of the cultured cells and produce the 
inflammatory cytokine, 

(11) A process for producing an inflammatory cytokine, which comprises 
25 simultaneously administering to cultured cells the immunopotentiator of 

any of (1), (2), (3), (4), (5). (8) and (9) together with a composition 
comprising as an active ingredient a nucleic acid containing a microbial 
nucleic acid-specific non-methylated CpG sequence or a plasmid having 
the nucleic acid containing the microbial nucleic acid-specific 
30 non-methylated CpG sequence to further enhance an immunoactivity and 
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produce the inflammatory cytokine. 

(12) Cultured cells producing an inflammatory cytokine, to which the 
immunopotentiator of any of (1) to (9) is administered to enhance an 

5 immunoactivity. 

(13) Cultured cells producing an inflaminatory cytokine, to which the 
immimopotentiator of any of (1), (2), (3), (4), (5), (8) and (9) together with a 
composition comprising as an active ingredient a nucleic acid containing a 

10 microbial nucleic acid-specific non-methylated CpG sequence or a plasmid 
having the nucleic acid containing the microbial nucleic acid-specific 
non-methylated CpG sequence are simultaneously administered to further 
enhance an immunoactivity. 

15 (14) The cultured cells of (12) or (13), which are derived from mammals 
including humans. 

(15) A method for enhancing an immunoactivity of mammals, which 
comprises administering to mammals the immunopotentiator of any of (1) 

20 to (9) to enhance an immunoactivity of mammals. 

(16) A method for enhancing an immunoactivity of mammals, which 
comprises simultaneously administering to mammals the 
immunopotentiator of any of (1), (2), (3), (4), (5), (8) and (9) together with a 

25 composition comprising as an active ingredient a nucleic acid containing a 
microbial nucleic acid-specific non-methylated CpG sequence or a plasmid 
having the nucleic acid containing the microbial nucleic acid-specific 
non-methylated CpG sequence to further enhance an immunoactivity of 
mammals. 

30 
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(17) Non-human mammals to which the immunopotentiator of any of (1) 
to (9) is administered to enhance an immunoactivily, 

(18) Non-human mammals to which the immunopotentiator of any of (1), 
5 (2), (3), (4), (5), (8) and (9) together with a composition comprising as an 

active ingredient a nucleic acid containing a microbial nucleic acid-specific 
non-methylated CpG sequence or a plasmid having the nucleic acid 
containing the microbial nucleic acid-specific non-methylated CpG 
sequence are simultaneously administered to further enhance an 
10 immunoactivity. 

(19) The non-human mammals of (17) or (18), which are mice. 

By the inventions of this application recited in (1) to (19), the 
15 immunopotentiator is provided which comprises as an active ingredient the 
nucleic acid containing the special nucleic acid base or the plasmid having 
the nucleic acid, which is administered to mammals to be able to enhance 
the immunoactivity of the overall living body of mammals and which can be 
applied to cancer immunotherapy, gene therapy, DNA vaccines effective 
20 against various infectious diseases and the like. 

The method for enhancing the immunoactivity which can enhance 
the immunoactivity of the overall living body of mammals using the 
foregoing immunopotentiator is further provided. 

25 

The cultured cells which can efficiently produce the inflammatory 
cytokine using the foregoing immunopotentiator and the process for 
producing the inflammatory cytokine using the cells are still further 
provided- 
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The non-human mammals with the immuno activity enhanced are 
moreover provided as in vivo model animals for studies on the 
immuno activity which is induced or enhanced in vivo by the foregoing 
immunopotentiator. 

5 

Brief Description of the Drawings 

Fig» 1 is a graph showing results of measuring IL-6 by single 
10 administration of a Gm'^ATC sequence or a non-methylated CpG sequence 
to mice. 

Fig. 2 is a graph showing results of measuring lh-12 by single 
administration of a Gm^ATC sequence or a non-methylated CpG sequence 
15 to mice. 

Fig. 3 is a graph showing results of measuring TNF-a by single 
administration of a Gm^ATC sequence or a non-methylated CpG sequence 
to mice. 

20 

Fig. 4 is a graph showing results of measuring IL-6 by 
simultaneous administration of a Gm^ATC sequence and a non-methylated 
CpG sequence to mice. 

25 Fig. 5 is a graph showing results of measuring IL-12 by 

simultaneous administration of a Gm^ATC sequence and a non-methylated 
CpG sequence to mice. 

Fig. 6 is a graph showing results of measuring TNF-a by 
30 simultaneous administratioiji of a Qm^ATC sequence and a non-methylated 
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CpG sequence to mice. 

Fig, 7 is a graph showing results of measuring IL-6 and IL-12 by 
administration of a Gm^ATC sequence-containing plasmid to mice. 

5 

Best Mode for Carrying Out the Invention 

The invention of this application has the foregoing characteristics, 
10 and the embodiments thereof are described in detail below. 

The immunopotentiator of mammals in the invention of this 
application is characterized by comprising as an active ingredient the 
nucleic acid containing the special nucleic acid base, a derivative thereof or 
15 any plasmid having the nucleic acid containing the special nucleic acid 
base. 

The "special nucleic acid base" in the invention of this application 
means a special base as an ingredient of a nucleic acid, such as a special 

20 base as a DNA ingredient or a special base as an RNA ingredient. 
Specifically, it is a base except adenine, guanine, cytosine, thymine and 
uracil, such as a microbial nucleic acid-specific modified base. Through a 
nucleic acid such as a DNA or RNA having the special base, an immune 
system of mammals can distinguish and recognize non-self to enhance and 

25 promote the immunoactivity- More specific examples are bases which are 
subjected to various modifications such as hydroxylation and methylation. 
Examples thereof include 8-oxoguanine, 8-oxoadenine, 2-oxoadenine, 
5-hydroxyuracil, S-formyluracil, 5-formylcytosine, 8-nitroguanine, thymine 
glycol, cytosine glycol, hypoxanthine, oxanine, pyrimidine dimer, 

30 O^-methylguanine, 0*-methylthymine and the like. These may be used 



10 



20061 6^238 i7!io6^i mmmM 

4\ 



No. 2194 p. 13 



either singly or in combination of two or more. 

Further, the "plasmid" may express or may not express each gene 
that the plasmid carries in cells of mammals, and its type is not 
5 particularly limited. For exsunple, pQBI63 and pcDNA are available. 

The "microbial nucleic acid-specific modified base" means the 
foregoing special base which is carried specifically in microbes. Through 
the microbial nucleic acid-specific modified base, the immune system of 

10 mammals can distinguish between self (mammals) and non-self (microbes 
such as bacteria) to enhance and promote the immunoactivity. The type 
of the microbial nucleic acid-specific modified base is not particularly 
limited so long as the effect of the invention of this application can be 
exhibited. Examples thereof can include N^-methyladenine, 

15 5-hydroxymethyluracil, 5-hydrox3nxLethylcytosine and the like. These may 
be used either singly or in combination of two or more. 

Especially when the microbial nucleic acid-specific modified base is 
N^-methyladenine, the base sequence containing the base to be modified in 
20 this N^-methyladenine is preferably a GATC sequence for preferentially 
selecting the "GATC sequence" to methylate the N-6 position of adenine (A), 
Specifically, a base sequence indicated in SEQ ID NO: 4 is more preferable. 

Regarding the microbial nucleic acid-specific modified base, a 
25 nucleic acid such as a natural DNA or RNA which is isolated firom microbes 
such as bacteria including Escherichia coli and viruses by a known method 
can be used. For example, a nucleic acid (artificial oligonucleotide) formed 
by artificially adding a modified base in a known manner may be used (for 
example, Cowdery, J. S., et al., J. Immunol., 156, 4570-4575, 1996). 

30 
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In the invention of this application, the derivative of the nucleic 
acid containing the special nucleic acid base may be used. This 
"derivative" is a substance whose phosphoric acid moiety or sugar moiety is 
modified in using a chemical sjmthetic product, a substance with a 
5 structure other than a basei moiety changed or the like. For example, a 
phosphorothioate-modified substance, a 2'-0-methyl RNA or a peptide 
nucleic acid (PNA) can be used. 

As noted above, in mammals, the nucleic acid is ahnost free from 
10 the CpG dinudeotide sequence (CpG sequence). Or even though it has the 
CPG dinudeotide sequence, the 5-position is methylated with the CpG 
sequence-specific C3rtosine 5-methylase. Accordingly, the bioinunune 
system recognizes the difference to enhance and induce the 
immunoactivity. Thus, the immunopotentiator in the invention of this 
15 application can more enhance the immunoactivity of mammals by further 
comprising as an active ingredient the nucleic acid containing the 
microbial nucleic acid-specific non-methylated CpG sequence or the 
plasmid having the nucleic acid containing the microbial nucleic 
acid-specific non-methylated CpG sequence. Specifically, the nucleic acid 
20 having the non-methylated CpG sequence is preferably a base sequence 
indicated in, for example, SEQ ID NO: 2. 

The "microbe" in the invention of this application is a virus or a 
bacterium, and Escherichia coU whose handling method or knowledge has 
25 been abundantly accumulated is especially preferable as the bacterium. 

The invention of this application can also provide the cultured cells. 
The immunopotentiators described above are administered to the cultured 
cells by a known method such as a method of administration along with a 
30 cationic lipid, a microinjection method or an electr operation method so as 
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to be able to enhance the immunoactivity of the cultured cells and 
efficiently produce the inflammatory cytokine. The cultured cells are 
available as model cells for experiment on the in vitro immune activity. 
The inflammatory cytokine can efficiently be produced and obtained by 
5 using the cultured cells. The resulting inflammatory cytokine can be used 
in various applications such as therapeutic agents by extraction, 
purification and the like in a usual manner. 

For further enhancing the inununo activity, it is also possible to 
10 simultaneously administer to any cultured cells a combination of the 
foregoing immunopotentiator and a composition comprising the nucleic 
acid containing the microbial nucleic acid-specific non-methylated CpQ 
sequence or the plasmid having the nucleic acid containing the microbial 
nucleic acid-specific non-methylated CpG sequence as the active 
15 ingredient. 

The type, the origin and the like of the "cultured cells" are not 
particularly limited. For example, tissues or cells of individual organisms 
are available. Specific examples thereof include plant cells, insect cells, 

20 mammalian cells and the like. Various constLtiients of these tissues are 
also available. In particular, since the invention of this application is to 
enhance and promote the immune system of mammals, the cultured cells 
used are preferably derived from mammals including humans. For 
example, cultured cells derived from humans, monkeys, horses, cattle, pigs, 

25 sheep, mice, rats , rabbits and the like can be used. 

The invention of this apphcation is also the method for enhancing 
the iimnunoactivity of individual mammals in which the immunoactivity of 
mammals can be enhanced by administering the above-described 
30 immunopotentiators to mammals. 
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When the iminunopotentiator of the invention of this application is 
administered to mammals, it can be administered in the form of a nucleic 
acid. It is preferable that the inununopotentiator is administered by 
5 containing therein varioiis pharmacological ingredients according to the 
dosage form to enhance the immunoactivity. The "pharmacological 
ingredients" first mean various carriers which are used in ordinary 
preparation of agents. The carriers can properly be selected from the wide 
range according to the type of the disease and the dosage form of the agent. 
10 A unit dosage form capable of oral administration or administration by 
injection is preferable. Especially, in the administration by injection, local 
injection, intraperitoneal administration, selective intravenous injection, 
intravenous injection, subcutaneous injection, organ infusion liquid 
injection and the like can be employed. 

15 

Oral liquid preparations such as suspensions and syrups can be 
prepared using water, sugars such as sucrose, sorbitol and fructose, 
glycols such as polyethylene glycol, oils such as sesame oil and soybean oil, 
preservatives such as alkyl p-hydro3^benzoate, flavors such as a 
20 strawberry flavor and peppermint, and the like. 

Powders, piHs, capsules and tablets can be prepared using 
excipients such as lactose, glucose, sucrose and mannitol, disintegrants 
such as starch and sodium alginate, lubricants such as magnesium 
25 stearate and talc, binders such as polyvinyl alcohol, hydroxypropyl 
cellulose and gelatin, surfactants such as fatty acid ester, plasticizers such 
as glycerin, and the like. When preparing tablets and capsules, solid 
pharmaceutical carriers are used. 

30 The injection solution can be prepared using a carrier made of a 
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salt solution, a glucose solution, a mixture of a salt solution and a glucose 
solution, various buffer solutions or the Hke. The injection solution may 
be prepared in a powdery state and mixed with the liquid carrier when 
used. 

5 

Attention has to be drawn to the fact that the dose of the 
immunopotentiator in the invention of this application varies with the 
weight of mammals as an administration subject, the condition of diseases, 
the administration route and the like. 

10 

The second pharmacological ingredients are ingredients by which 
the immunopotentiator is formulated in a dosage form capable of 
introduction into cells. For example, a composition can be formed by 
mixing the nucleic acid containing the microbial nucleic acid-specific 

15 modified base as the active iQgredient of the immunopotentiator or the 
plasmid containing the same with a pharmacologically acceptable solution 
without changing the structure or the function of the nucleic acid or 
plasmid. Such a composition can also be introduced into target cells by a 
method of introduction into cells via microinjection, a method of 

20 iutroduction into cells using Hpids {for example, BioPORTER (Gene Therapy 
Systems, U.S.A.)) or peptide reagents (for example. Chariot (Active Motif, 
U.S,A.)), or through a gene gun by adhesion to gold particles. 

As described above, the immune system of mammals distinguishes 
25 between the methylated CpG sequence of marmnals and the 
microbe-specific non-methylated CpG sequence to enhance and induce the 
immimoactivity of mammals. Accordingly, the immunoactivity can be 
more enhanced by simultaneously administering to mammals the foregoing 
immunopotentiator and the composition comprising as the active 
30 ingredient the nucleic acid containing the microbial nucleic acid-specific 
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non-methylated CpG sequence or the plasmid having the nucleic acid 
containing the microbial nucleic acid-specific non-methylated CpG 
sequence in combination. 

5 Examples of the "mammals" in the invention of this application can 

include mammals such as humans, monkeys, horses, cattle, pigs, sheep, 
mice, rats, rabbits and the like, and the immunopotentiator can be 
administered thereto. 

10 Thus, appHcations to cancer immunotherapy, gene therapy, 

development of DNA vaccines effective against various infectious diseases, 
and the like can be expected by enhancing the immunoactivity of mammals 
according to the immunopotentiator of m ammal s and the method for 
enhancing the immunoactivity using the same which are provided by the 

15 invention of this application. 

The invention of this application can also provide model animals for 
study on the immunoactivity induced or enhanced in vivo by the nucleic 
acid containing the specific nucleic acid base, the derivative thereof, the 

20 plasmid containing the nucleic acid or the like. In this case, it is 
important that the mammals are non-human mammals except humans. 
Examples thereof can include monkeys, horses, cattle, pigs, sheep, mice, 
rats, rabbits and the hke. Especially, mice for which an abundant 
knowledge or the like has been accumulated and which have been used in 

25 many laboratories as experimental model animals are preferable in view of 
its easy handling. The experimental model animals can contribute to 
elucidation of a mechanism of inflammation induction (immunoactivity) 
with a specific nucleic acid base (modified base) such as a Gm^ATC 
sequence. 

30 
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The strength of the inflammatory reaction induced by preparing a 
synthetic nucleic acid (oligonucleotide) containing or not containing m^A 
and a plasmid containing the same and administering each thereof to a 
3alb/c mouse is examined using inflammatory cytokines as an index, and 
5 is demonstrated as Example to illustrate the invention of this appHcation 
more specifically. Of course, the invention of this application is not 
limited by the following Example. 

10 Example 

1. Induction of an inflammatory reaction by a Gm^ATC sequence 

(1) Synthesis of a Gm^ATC sequence and a non-methylated CPG sequence 

Regarding a phosphothioate-stabilized oligonucleotide (ODN) shown 

15 in Table 1, according to a known method (for example, Cowdery, et al., 

J. Immunol., 156, 4570-4575, 1996), four types of sequences, a GATC 
sequence, a Gm^ATC sequence, a non-methylated CpG sequence and a 
methylated CpG sequence were synthesized (Sigma Gonosys Japan). Each 
synthetic ODN was prepared at a concentration of 1 nmol/nl by being 

20 dissolved in Endotoxine free TE buffer (QlAGEN). Subsequently, Limulus 
Amoebocyte Lysate assay (LAL test; PYROGENT, BioWhittaker) was 
conducted to confirm that the content of the endotoxin in this sjmthetic 
ODN solution was 0.006 EU/ml or less. 



Table 1 



ODN 


Motif 


Sequence (5'-3') 


GpC-ODN1720 


non CpG 


TCC ATG AGC TTC CTG ATG CT 


CpG-ODN1668 


CpG 


TCC ATG ACG TTC CTG ATG CT 


GATC-dA 


non-m^A 


TCC ATG ATC TTC CTG ATG CT 


GATC-in6A 


m^A 


TCC ATG mfiATC TTC CTG ATG CT 
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(2) Administration of a Gm^ATC sequence and a non-methylated CpG 
sequence 

(i) Single administration of a Gm^ATC sequence or a non-methylated CpG 
5 sequence 

10 mnol of each of GATC-dA (sequence containing a GATC 
sequence), GATC-m^A (sequence containing a Gm^ATC sequence), 
CpG-ODN1668 (sequence containing anon-methylated CpG sequence) and 
GpC-ODN1720 (sequence containing a methylated CpG sequence) shown in 

10 Table 1 was collected, and dissolved in 400 ^il of a physiological saline 
solution. The resulting solution was intraperitoneally administered to a 
Balb/c mouse (male, 6 weeks old; Sankyo Labo- Service). Two hours later, 
concentrations of inflammatory cgrtokines (lL-6, IL-12 and TNF-a) in the 
serum were measured by an enzyme-linked immunosorbent assay (ELISA; 

15 AN'AUZA, Genzyme TECHNE corp.). 

Two hours after the administration, the blood was collected from 
the heart of the mouse, and allowed to stand overnight at 4**^ The serum 
was collected therefrom by centrifiigation (20,000 g, 20 minutes, 4*C). 

The results are as shown in Figs, 1 to 3. Fig. 1 shows a measured 

20 value (pg/ml) of IL-6, Fig. 2 a measured value (pg/ml) of IL-12, and Fig. 3 a 
measured value (pg/ml) of TNF-a. By the way, the results shown in Figs. 
1 to 3 are expressed in terms of a mean value ± standard deviation. In the 
graphs, two asterisks indicate "P<0.01", and three asterisks "P<0.005 (n=3 
(IL-12), 4 (IL-6, TNF-a)))". 

25 Measured values in GpC-ODN1720 are IL-6:28 pg/ml. IL- 12:33 

pg/ml and TNF-a:47 pg/ml. Inflammatory cytokines were little induced- 
However, in case of administering CpG-ODNl668, very strong 
inflammatory cytokines were induced, and measured values thereof were 
IL-6:2.1 ng/ml, 1L-12:1.0 ng/ml and TNF-a: 1.5 ng/ml. 

30 Meanwhile, with respect to the comparison in induction of 
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inflarnmatory cytokines between GATC-dA and GATC-m^A, it was 
confirmed that the cytokines were significantly induced by administration 
of GATC-m^A in comparison to the administration of GATC-dA, though the 
induction by administration of GATC-m**A was slightly lower than the 
5 induction by administration of CpG-ODN1658. That is, the measured 
values in GATC-m^^A were IL-6:39 pg/ml, IL-12:160 pg/ml and TNF-a:150 
pg/ml, and the measured values in GATC-dA were IL-6:14 pg/ml, IL- 12:48 
pg/ml and TNF-a:92 pg/ml. This indicates that the inflammatory 
cytokines are specifically induced by methylation of adenine (m^A). 

10 Further, the immune inducibility of the non-methylated CpG sequence 
differs depending on the sequences before and after the very sequence 
(Kreig, A., et al., Nature, 374: 546-549, 1995 and the like). Consequently, 
the strong immune induction effect can be expected even via the single 
administration of the Gm^ATC sequence by optimizing the sequences 

15 before and after the very sequence. 

(ii) Simultaneous administration of a Gm^ATC sequence and a 
non-methylated CpG sequence 

A microbial DNA (nucleic acid) contains not only m^A but also a 
non-methylated CpG sequence. For example, in gene therapy of a 

20 peripheral arterial disease with a non-viral vector, a plasmid containing a 
Gm^ATC sequence and a non-methylated CpG sequence is used (for 
example, Baumgartner, L, et al., Circulation, 97, pp, 1114-1123, 1998). 

Accordingly, the Gm^ATC sequence and CpG-ODN1668 containing 
the non-methylated sequence were simultaneously administered to a 

25 mouse to confirm an effect of inducting inflammatory cytokines. 
Regarding the doses of Gm^ATC, GATC-dA and CpG-ODN1668, 5 nmol of 
CpG-ODN1668 was mixed with an equhnolar amount of Gm^ATC or 
GATC-dA, and the mixture was dissolved in 400 jil of a physiological saline 
solution. The resulting solution was administered to a mouse. Two 

30 hours later, the inflammatory cytokines in the serum of the mouse were 
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measured by ELISA to confirm induction amoimts. 

The results are as shown in Figs. 4 to 6. Fig. 4 shows a measured 
value (pg/ml) of IL-6, Fig. 5 a measured value (pg/ml) of IL-12 and Fig. 6 a 
measured value (pg/ml) of TNF-a. The results shown in Figs, 4 to 6 are 
5 expressed in terms of a mean value ± standard deviation {n-4). In the 
graphs, one asterisk indicates "P<0.05", two asterisks "P<0.01" and three 
asterisks "P<0.005". 

That is, in the single administration of CpG-ODN1668, the 
measured values were IL-6:530 pg/ml, IL- 12:730 pg/ml and TNF-a:760 

10 pg/ml. In the simultaneous administration of CpG-ODNl668 and 
GATC-dA, the measured values were IL-6:710 pg/ml, IL- 12:720 pg/ml and 
TNF-a: 1200 pg/ml. In the simultaneous administration of CpG-ODN1668 
and Gm^ATC, the measured values were IL-6!l600 pg/ml, IL-12; 1100 
pg/ml and TNF-a:2900 pg/ml, and it could be corxfirmed that the cytokines 

IS were induced at remarkably high concentrations. The concentrations were 
2 to 3 times those in the single administration of CpG-ODN1668 and the 
simultaneous administration of CpG-ODN1668 and GATC-dA. It was 
confirmed that when m^A and the non-methylated CpG sequence coexisted, 
the inflammatory cytokines were induced and enhanced quite strongly. 

20 2. Induction of an inflammatory reaction by a plasmid having incorporated 
therein a Gm^ATC sequence-containing nucleic acid (oligonucleotide) 
(1) Preparation of a plasmid 

Using a plasmid employed in actual gene therapy, an inflammatory 
reaction induced by a Gm^ATC sequence contained in the plasmid was 

25 examined. 

As the plasmid, plasmid pQBI63 in which gene expression is not 
conducted in cells of mammals was used. As host bacteria, Escherichia 
coH DH5a (dam*) having a methylase activity and Escherichia coli SCSI 10 
(dam-) having no methylase activity were prepared. Plasmid pQBI63 was 
30 introduced into each Escherichia coli by a known method (for example, a 
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heat shock method or an electroporation method). Purification was 
conducted using Endo free plasmid mega kit (QIAGEN). 

The plasmid prepared by introducing pQBI63 into DH5a (dani+) was 
designated pQBI63/DH5a, and the plasmid prepared by introducing 
5 pQBI63 into SCSI 10 (dam-) was designated pQBI63/SCS110. Plasmids 
pQBI63/DHSa and pQBI63/SCS110 after preparation were collected by 
low-melting agarose electrophoresis. Subsequently, they were purified 
using QIA-tiplOO (QIAGEN) or Micropure-EZ (Millipore) and the LAL test 
(PYROGENT, BioWhittaker) was conducted as in 1.(1) to confirm that the 
10 content of endotoxin was 0.006 EU/ml or less. 

(2) Methylation reaction in vitro 

90 ^g of PQBI63/SCS110 obtained in (1) was collected, and charged 
into 120 pi of a methylase buffer (50 mM Tris-HCl, 10 mM EDTA, 5 mM 
2-mercaptoethanoI (pH 7.5)). The reaction was conducted overnight at 

15 37^*0 using 19.2 U of Dam methylase (New England BioLabos Inc.). At this 
time, S-adenosylmethionine (SAM; New England BioLabos Inc.) as a methyl 
group donor was added at a concentration of 80 ^iM to methylate adenine. 
This plasmid was designated pQBI63/SAM+. A mock-methylated plasmid 
without addition thereof was designated pQBI63/SAM-. After completion 

20 of the reaction, pQBI63/SAM+ and pQBI63/SAM- were purified using Endo 
free plasmid mega kit (QIAGNE) as in 2,(1) to remove endotoxin and 
prevent incorporation. 

(3) Administration of plasmids 

The inventors have considered that a method m which a plasmid 
25 prepared from Escherichia coli is administered along with a cationic hpid 
in gene therapy using a non-viral vector wiU be generally used in future. 
Thus, a working example in which the plasmid in the invention of this 
application was administered along with a cationic lipid was shown as an 
example. 

30 Each of pQBI63/DH5a and pQBI63/SCSl 10 prepared in 2. (1), or 



21 



20061 6fl23B 17»I07^ SiMtM 



No. 2194 P. 



each of pQBI63/SAM-^ and pQBI63/SAM- prepared ia 2. (2) was formed 
into a complex with Lipofectin (Invitrogen) as a cationic lipid (cationic 
liposome), and the complex was administered into a mouse through the tail 
vein. Four hours after the administration, the serum was collected as in 1. 
5 (2)(i), and the concentrations (pg/ml) of inflammatory c^oldnes, lL-6 and 
IL-12 in the serum were measured and quantified by ELISA. 

The resixlts axe as shown in Fig. 7, and expressed in terms of a 
mean value ± standard deviation. One asterisk indicates "P<0,05 (n=3)". 

First, regarding the results of measuring IL-12, IL-12 was induced 
10 at a concentration of up to 420 pg/ml with pQBI63/DH5a, whereas the 
administration of pQBI63/SCSl 10 reduced the induction of IL-12 to 140 
pg/ml. 

Subsequently, pQBI63/SAM+ obtained by Dam-treatment of 
pQBl63/SCS110 in the presence of S-adenosylmethionine to methylate 
15 adenine was administered to induce 320 pg/ml of IL-12 which was close to 
the value in pQBI63/DH5a. pQBI63/SAM- obtained by Dam-treatment in 
the absence of S-adenosylmethionine induced 140 pg/ml of IL-12 which 
was the same as the value in pQBI63/SCSl 10. 

In the results of measuring IL-6, it was confirmed that the 
20 induction of IL-6 was not so strong as the induction of IL-12 but the way of 
the induction of IL-6 was approximately the same as that of the induction 
of IL-12. That is, it is indicated that the inflammatory reaction is induced 
and enhanced by the Gm^ATC sequence. 

Incidentally, the concentrations of IL-12 and IL^S in the serum at 
25 the time of the single administration of Lipofectin as a control were under 
the detection limit value (<7-8 pg/ml). 
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As has been thus far described in detail, the invention of this 
application provides the immunopotentiator using the nucleic acid 
containing the special nucleic acid base or the plasmid having the nucleic 
acid containing the special nucleic acid base, and the method for 
5 enhancing the immunoactivity using the same, and applications thereof to 
elucidation of the mechanism of the immunoactivity, cancer therapy, 
development of DNA vaccines against various infectious diseases and the 
like can be expected. 
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